Purpose: To determine the health literacy benefit of a printed informational leaflet for patients scheduled to undergo brain magnetic resonance imaging (MRI) scans. Methods and materials: A two-page leaflet that provided an overview of MRI and the role of radiologists was prepared and given to outpatients scheduled to undergo brain MRI examinations while in the waiting room. A survey composed mainly of yes/no and Likert scale questions pertaining to the leaflet, as well as patient demographics, was administered to the patients. Results: A total of 147 patients completed the survey, of which 110 (75%) had undergone a prior MRI scan, 120 (82%) stated that their ordering provider explained the reason for the MRI scan, and less than 1% reported having referenced online resources related to MRI. The average score for how well patients understood the MRI scan procedure and how it is reviewed was 4.16/5 (standard deviation 1.18) before versus 4.39/5 (standard deviation 1.08) after reading the leaflet, which was a statistically significant improvement based on the Wilcoxon signed-rank test (P < 0.01). The score for how helpful the reading material was for explaining what is MRI was 4.06/5 (standard deviation 1.02) and the score for how helpful the reading material was for explaining what is a radiologist was 4.18/5 (standard deviation 0.98). Conclusion: A printed leaflet about MRI and radiologists can serve as an opportunity to educate patients about certain aspects of their scans during their stay in the waiting room.
Introduction
Patient health literacy is perhaps the single best predictor of health status and is defined as the capacity to obtain, interpret and understand basic health information and services, and the ability to use such information and services to enhance health. 1 Studies suggest that those with limited health literacy skills are significantly more likely than individuals with adequate health literacy skills to characterize their health as poor. 2 Furthermore, the rates of hospitalization and use of emergency services are higher among patients with limited health literacy skills, which in turn is associated with higher healthcare costs. 3 The issue of patient health literacy is particularly relevant to radiology. Public recognition of the role of radiology is important and dependent on communication with patients. However, apparently over the past years radiologists have become less visible to the public in general. 4 Indeed, it has been reported that patients are not well informed about ultrasound, computed tomography (CT) and magnetic resonance imaging (MRI). 5 Furthermore, it has been reported that educational materials across various medical specialties were too complex for the average patient. 6 Consequently, the American College of Radiology has endorsed that radiologists should implement new policies and procedures to deliver patient-centered communication. Thus there is an opportunity to enhance patient health literacy with respect to radiology. Although it is impractical for most radiologists to communicate directly with patients, printed materials prepared by radiologists can potentially serve as a suitable surrogate.
The US National Institutes of Health has provided guidelines for developing effective print materials for a low-literacy audience, which can be tailored for particular patient populations by implementing pretests and revisions. 7 Ultimately, the utilization of some terminology that is deemed to be college level, such as 'magnetic resonance imaging' is inevitable, but is familiar to virtually all patients who undergo such scans. Indeed, the algorithms used by readability assessment systems include quantitative parameters, such as the number of letters, syllables, words and sentences used in the text, and may lead to inaccurate scores for medical terminology. 8 Nevertheless, the use of illustrations in the leaflets can potentially increase patient understanding.
The purpose of this study was to determine how informative a printed leaflet consisting of text and images about MRI and radiologists is for patients scheduled to undergo a brain MRI scan. In particular, we hypothesized that patients scheduled to undergo brain MRI scans would find the leaflet at least somewhat helpful and have a significantly greater understanding of MRI and the role of radiologists after reading the leaflet.
Materials and methods
A double-sided laminated leaflet pertaining to brain MRI with text and images was prepared, including the following sections: 'What is MRI?' and 'What is a radiologist?' (Appendix 1). Between January 2017 and June 2017 the leaflets were distributed to adult outpatients scheduled for brain MRI examinations by the receptionists on arrival in the MRI suite waiting room, and were completed prior to meeting a technologist and undergoing the scan. A survey consisting of yes/no questions and bipolar five-point Likert scale questions, as well as demographic questions (Appendix 2) was administered to the patients after reading the leaflet. The readability of the leaflet text was assessed using several indices, including the Flesch-Kincaid grade level, the Coleman-Liau index, the SMOG index, the automated readability index and the Linsear write formula. 9 The Wilcoxon signed-rank test was used to compare the differences in how well patients perceived their understanding of the MRI scan procedure and how it is reviewed before compared with after reading the leaflet. The two-tailed t-test was used to compare the differences in how well patients perceived their understanding of the material in the leaflet among those with college education or greater versus those with high school education or less. A P value of less than 0.05 was considered significant.
The study was approved by the Office of Clinical Effectiveness, because it was determined to be quality improvement and therefore was not considered human subject research. No patient identifiers were recorded and consent as waived.
Results
All of the 147 patients who were offered the survey accepted to review the leaflet and completed the questionnaire, with the results listed in Table 1 . Overall, the majority (68%) of patients found the length of the leaflet to be just right. The majority (75%) of patients surveyed had had a prior MRI examination and most (82%) reported that their referring physician explained the reason for the MRI they were scheduled to undergo, but very few (<1%) previously consulted online resources pertaining to their MRI.
Overall, the vast majority (94%) of patients perceived that the leaflet was at least somewhat helpful in explaining what MRI is, and the vast majority (96%) of patients also perceived that the leaflet was at least somewhat helpful in explaining what a radiologist is.
There was a statistically significant difference for how well patients understood the MRI scan procedure and how it is reviewed before versus after reading the leaflet (P < 0.01). The average degree of understanding of the material in the leaflet was 3.7/5 (standard deviation (SD) 1.0) for patients with high school education or less versus 4.4/5 (SD 0.9) for those with at least some college education (P ¼ 0.001). Nevertheless, patients with a high school education or less reported a greater increase in understanding about the MRI examination than those with at least some college education after reading the leaflet ( Table 2) .
The various age groups were fairly well represented among the patients surveyed, with 44% of patients aged between 18 and 54 years and 56% of patients aged 55 years and older. Regardless of age, the majority (75%) of patients preferred not to receive information about the MRI scan by email before the scan.
Discussion
Although the majority of patients surveyed in this study previously underwent at least one MRI scan and stated that their physicians had explained to them why they were getting the MRI scan, the leaflet significantly increased their perceived understanding about the MRI scan procedure and how it is reviewed. This suggests that referring clinicians may not provide a comprehensive overview of the subject matter. Yet, it has been found that increased information about the MRI scanning procedure can lead to decreased motion artifacts and thus better quality images. 10 Although MRI technologists have an opportunity to discuss such issues with patients prior to the scans, the effectiveness of such communication might vary from one technologist to another. Furthermore, providing leaflets that describe the role of radiologists can provide a different perspective and help promote the visibility of the specialty to patients and thereby combat risks of the perceived 'invisible' radiologist, 11 particularly in circumstances in which direct interaction between radiologists and patients is not feasible.
As expected, patients with high school education or less expressed a lower baseline understanding of the MRI scan procedure and how it is reviewed, and had a lower level of understanding than patients with college education or greater. However, although the readability of the leaflet text was estimated to be college level, patients with a high school level of education or lower perceived a greater incremental benefit than those with at least some college education. This implies that reading material that contains some unavoidable technical terms can confer the greatest health literacy benefit to the patients who need it the most. However, further optimization and testing of the readability of the leaflet for patients with lower educational levels may be useful.
Despite the widespread availability of online patient portals related to radiology, 12 our finding that less than 1% of patients sought online information related to their scheduled MRI examination is concordant with earlier literature related to ultrasound, CT and MRI, whereby fewer than 2% of patients searched the internet. 5 Furthermore, few internet sites provide the range of information patients may need before an imaging examination. [13] [14] [15] [16] Thus it appears that conferring information about the MRI procedure by means of a printed leaflet just before the scan serves as a unique opportunity for radiologists to educate patients in this regard.
Emailing the identical information to the printed leaflet made available in the waiting room may not have as much impact, because most patients indicated that they would not be receptive to this mode of delivery despite generally finding the leaflet to be informative. Indeed, it has been reported that family medicine patients value health information materials in the waiting rooms of family physicians, and that they perceive such materials as being helpful in improving patient-physician interaction, health-related knowledge and self-management. 17 On the other hand, it has been found that there is no compelling evidence to support the use of email for the provision of information on disease prevention and health promotion. 18 
Conclusion
Our survey of patients scheduled to undergo MRI of the brain suggests that a printed leaflet about MRI and radiologists can serve as an opportunity to educate patients about their scan and the role of radiologists during their stay in the waiting room.
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